IntroDuctIon
Air quality receives considerable attention from the general public and also in the political arena. This is because air pollution can cause a wide va-riety of health and / or environmental prob lems (Velders, Diederen, 2009; Pandeya et al., 2008) . It is necessary to improve air quality in urban areas to protect human health and to avoid other environmental problems (Bigi, Harrison, 2010; Anttila, Tuovinen, 2010) .
Major air pollutants are produced by fuel combustion and industry processes. Road traffic is a very important source of air pollution too. Obvious products of these processes are nitrogen oxides (NOx = NO + NO 2 ). Nitrogen oxides are an important group of air pollutants to study because they play an important role in the chemistry of the troposphere: they condition the concentration of the OH radical, the production of acids, and it was found that nitrogen oxides are a major contributor of formation of photochemical smog and ozone in urban areas. Nitrogen oxides also par ticipate in a chain reaction removing ozone from stratosphere. Consequently, increased ultraviolet radiation quantity reaches earth's sur face (Jarquin-Lopez et al., 2009; Parra et al., 2009; Filella, Penuelas, 2006) .
Large amounts of nitrogen oxides are emit ted from mobile and stationary sources (Tsai et al., 2006) . Motor vehicles can be the most important source of nitrogen oxides, especially in areas with few industrial sources (Tran et al., 2000) .
Nitrogen dioxide (NO 2 ), a well-known traffic-related pollutant, is currently the biggest single cause of air quality problems in urban areas (Westmoreland et al., 2007) . However, nitrogen dioxide is far more harmful with regard to toxicity than nitrogen oxide and it is a good predictor for traffic exposure (Sol tic, Weilenmann, 2003; Gilbert et al., 2003) .
Nitrogen dioxide pollution is higher along busy roads compared to background locations. Air pollution in city centres and districts near highways is related to traffic density of the highway, distance of the measuring site to the highway ( The aim of the present study was to assess nitrogen dioxide concentration in Kaunas city during cold and warm seasons.
MAtErIALS AnD MEthoDS
Annual and seasonal concentration of NO 2 were measured in Kaunas city (longitude 54°54' E, latitude 23°54' N), located in the cen-tre of Lithuania, 78 meters above the sea level. The city lies in the intersection of the main roads and transport streams, in the valley of the two longest rivers of Lithuania, Nemunas and Neris. Kaunas is the second biggest city (after capital Vilnius) in Lithuania with the population around 360 000.
For determination of nitrogen dioxide concentration we used a passive sampling method and triethanolamine as an absorbent. Pa ssive sampling method is often used for air qua lity monitoring purposes in remote areas. Passive samplers are simple, inexpensive, no power or pump required, and suitable for simultaneous and multipoint measurements of air pollutant. The passive sampler has an in ternal diameter of 25 mm and a depth of 10 mm. A disc of Whatman 1chr filter paper impregnated with triethanolamine aqueous solution is used as a collecting element. The inside of the passive sampler is protected against wind and dust deposition by a wind screen made of a polypropylene fibre material. Impregnated samplers were suspended 2.5-3.0 m above the ground level. After exposure the collecting element was treated with 2 ml of deionised water for 10 min. The extract was mixed with 2 ml of Saltzman reagent and left for 15 min. The content of nit ri te ions is determined spectrophotometrical ly at the wavelength of 540 nm (Krochmal, Kalina, 1997; Gražulevičienė, Laurinavičienė, 2001) .
Nitrogen dioxide measurements were carried out in 39 sites of Kaunas city in cold (winter) and warm (summer) seasons during 2010-2011 ( Fig. 1 ). We used mean of 2 weeks measurements of nitrogen dioxide concentration to characterize mean of nitrogen dioxide in cold and warm seasons.
According to traffic intensity three site types were distinguished. First site type: regional background (<3 000 veh/d); second site type: urban background (3 000-10 000 veh/d); third site type: street (>10 000 veh/d).
Using the ESRI Geographic Information System software ArcGIS and the extension Geostatistical Analyst, maps of nitrogen dio-xide concentration distribution in Kaunas were plotted. To get a better view of the distri bution of pollutant concentration, the obtained values were spatially interpolated using the Inverse Distance Weighted (IDW) method. Five areas of nitrogen dioxide pollution were classified.
Standard errors of mean were calculated using Statistica program software.
rESuLtS AnD DIScuSSIon

Nitrogen dioxide concentration in cold and warm seasons
The average nitrogen dioxide concentration in Kaunas city was 12.0 µg/m 3 for the study period. Nitrogen dioxide concentration in cold season (winter) was 18.2 µg/m 3 , in warm season (summer) 5.7 µg/m 3 (Fig. 2) . Such results might The highest nitrogen dioxide concentra tion measured with passive samplers was obtain ed near street site (14.9 µg/m 3 ), the lowest -near regional background site (9.4 µg/m 3 ) and near urban background site it was 11.4 µg/m 3 (Fig. 3) .
Nitrogen dioxide concentration in cold sea son was about 3 times higher than in warm sea son. This tendency was observed in all sites types. In cold season nitrogen dioxide concentration in regional background site was 15.3 µg/m 3 in urban background site 17.4 µg/ m 3 and 22.3 µg/m 3 in street site. Nitrogen dioxide concentration in warm season was 4.2 µg/m 3 in regional background; 5.4 µg/m 3 , in urban background and 7.5 µg/m 3 in street site.
Distribution of nitrogen dioxide concentration
Using Arc GIS software maps of nitrogen dioxide dispersion in Kaunas city in cold and warm seasons were plotted ( Figs. 4 and 5 ).
An Inverse Distance Weighted (IDW) techni que was used creating a map. Five areas of nitrogen dioxide pollution were classified. The air pollution was higher during the cold season. The maximum NO 2 concentration was up to 30.0 μg/m 3 in cold season. NO 2 concentration ranged from 4.0 to 14.0 μg/m 3 in warm season.
The lowest nitrogen dioxide pollution area was in districts which are located in the periphery of the city (Fig. 4) . The highest concentration of nitrogen dioxide was in Centras, Žaliakalnis, Šančiai, Kalniečiai, Sargėnai. It is caused by intensive traffic and unfavourable geographical position. In these districts there are more busy roads and more buildings. Cen tras district is located in a valley; there are unfavourable conditions for pollu tion dispersion. Similar results were reported by other authors (Costabile et al., 2006; Jo, Park, 2005) . The highest concentration of nitrogen dioxide was measured at high-traffic streets, followed by industrial and downtown locations. 2. The highest concentration of NO 2 measured with passive samplers was obtained near street site (14.9 µg/m 3 ), while the lowest -near regional background site (9.4 µg/m 3 ).
3. Interpolated results showed that the maximum NO2 concentration was up to 30.0 μg/m 3 in cold season. NO2 concentration ranged from 4.0 to 14.0 μg/m 3 in warm season.
4. The lowest nitrogen dioxide pollution area was in districts which are located in the periphery of the city. The highest concentration of nitrogen dioxide was in Centras, Žaliakalnis, Šančiai, Kalniečiai, Sargėnai.
